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(57) Abstract 

Hyperbranched polyester of a polyol with 3 to 10 reactive hydroxy 1 groups, preferably of equivalent reactivity, and an aromatic 
polycarboxylic anhydride with 2 to 4 carboxyl groups, preferably 3 carboxyl groups, each hydroxyl group of the polyol forming an ester 
linkage with one anhydride group of the polycarboxylic anhydride, and further glycidyl (mcth)acTylate or allyl glycidyl ether forming 
ester linkages with the remaining carboxyl groups of the anhydride and free hydroxyl groups. Further in the hyperbranched polyester 
(meth)acrylic anhydride and/or an aliphatic carboxylic anhydride form ester linkages with the free hydroxyl groups. The invention also 
comprises a process for the production of hyperbranched polyesters and such polyesters obtainable by the process. The hyperbranched 
polyesters can be used as resins, curable by UV irradiation, for the production of coatings, adhesives, laminates, foils and thin films and 
fibre-reinforced composites. 
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RadiaTlon curaole resins comprising hyperbranched polyesters 

The present invention relates to new hyperbranched 
polyesters and a process for the production thereof and 
curable resins comprising the polyesters. 
5 Radiaticn-curable resins are increasingly used in 

various industrial application*, replacing conventional 
thermally cured and solvent based coatings and adhasives, The 
radiation- curable resins have favourable properties, e.g., 
high speed and low energy consumption of cure, solvent -free 
10 f ormulations, room temperature operation and high quality 

end-products. The principal components Of a radiation-curable 
reain axe oligomers (or prepolymers) and comononers . The 
oligomers constitute the backbone of the three-dimensional 
polymer network formed by curing. Important types of oligo- 
15 mers commonly used for coating are acryiated epcxiee, acryla- 
ted polyurethanes> unsaturated polyesters and acryiated 
polyesters (or polyethers) which give desired properties of 
the final cured films, However, those oligomers usually 
consist of linear molecular chains. The viscosity of the 
20 resin increases rapidly with increasing chain length of the 
oligomer. To obtain an operational viscosity of the formula 
for spraying, dipping, roll coacing, etc., large amounts of 
multifunctional comonomer are required for the primary func- 
tion of viscosity control, In addition, the cotnonomera have 
25 important effects on the cure reaction and the properties of 
the final product. Some of the comonorners have low cure rate, 
cause shrinkage of the film during curing, and have high 
coats and a limited shelf life. Multifunctional aerylatee are 
the preferred monomers in radiation-curable systems because 
30 of their rapid curing rates and low prices. The common 

acrylate monomers are volatile and toxic, and have strong 
odour. Therefore, the trend is to use radiation- curable 
oligomers with viscosity close to the required application 
viscosity in order to reduce or eliminate the use of comono- 
35 mers. 

An object of the present invention therefore was to 
obtain oligomers with reduced viscosity compared to known 
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oligomers with similar molecular weight. 

A further object of the invention was to preaent 
oligomers which in resin applications needs a lower amount of 
multifunctional ccmonomers or none at all, while the resins 
5 still have a low viscosity, a high cure rare, an acceptable 
degree of curing and the final products have good mechanical 
properties. 

A further object of the invention was to offer a 
process for the production of such oligomers. 

x q The objects of the invention was solved by the 

hyper branched polyester, the process for the production of 
these hyperbranched polyesters and resin comprising them, as 
claimed in the claims - 

Oligomers with a strongly branched structure are a 

15 new family of polymers which has been attracting increasing 
interest for many applications, «.g., in agriculture, medi- 
cine, cosmetics, adhesives and coatings. The oligomers are 
referred to as hyperbranched polyesters with a three-dimen- 
sional molecular architecture and possessing etarbursc 

20 topology ID.A. C'Sullivan, Chem. Eng. News, 20 (1993); D.A. 
Tomalia, A.M. Naylor. and W.A. Goddard III. Angew.chem. Int. 
Ed. Engl., 22, (1990). An important structural difference 

between linear oligomers and hyperbranched polyesters is that 
a linear oligomer of sufficient molecular weight contains an 

25 entanglement of flexible molecular chains, while a hyperbran- 
ched polyester is a compact molecule with many branches which 
carry a high number of terminal functional groups on each 
molecule . 

With the present invention it was fcund that hyper - 
30 branched polyesters with reactive acrylate double bonds at 
chain extremities can be used to reduce viscoeity, increase 
reaction rate, and improve adhesion to substrates due to 
their very special molecular structures . This new kind of 
molecules modifies the physical and chemical properties both 
35 of the resin system and of the final product after curing, 
thereby facilitating their use in coating and adhesive sys- 
tems. Further, with the present invention hyperbranched 
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polyeaters with high molecular weight can be obtained in a 
simple process from readily available and inexpensive raw 
materials. 

Hyperbranched polyester research is still fairly 
5 new, and to date no commercial products are available* The 
main difficulties in preparing three-dimensional and ordered 
hyperbranched polyesters are preserving the regularity and 
order in the structures, characterization of the products, 
and separating the products from the excess of react ants. 
10 Little work has been performed to prepare adhesive and coat- 
ing systems with hyperbranched polyesters, especially for 
radiation curing applications. A series of work on ally! 
ether maleate hyperbranched polyesters tor UV curing coatings 
have been reported (M.Johansson, E. Malmetrdm, and A.Hult, 
15 J.Polym-Sci. , Part A: Polym.Cham. , 31, 619 (1993); E.Malm- 
etrom and A.Hult "Hyperbranched polyesters and their Degree 
of Branching as Determined by "C-NWR" , Proceedings of Dtordic 
Polymer Days 1994 . } . 

With the present invention it has been possible to 
20 synthesize a series of new hyperbranched (meth) acrylated 

polyesters with different number of terminal double bonds per 
molecule. The rheclogical properties of the resins prepared 
from the polyesters and the mechanical properties of UV cured 
films are improved in a pronounced manner compared with known 
25 polymers . 

Thus, the present invention relates to a hyperbran- 
ched polyester of a polyol with 3 to 10 reactive hydrexyl . 
groups, preferably of equivalent reactivity, and an aromatic 
polycarboxylic anhydride with 2 to 4 carboxyl groups, prefer- 
30 ably with 3 carboxyl groups, 

each hydroxy 1 group of the polyol forming an ester 
linJtaga with one anhydride group of the polycarboxylic 
anhydride, 

and further glycidyl (meth) acrylate or allyl glyci- 
35 dyl ether forming ester linkages with the remaining carboxyl 
groups of the anhydride and free hydroxyl groups. 

The invention furthar relates to a hyperbranched 
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polyester as defined above in which (math) acrylic anhydride 
and/or an aliphatic carboxylic anhydride form/a ester link- 
ages with the free hydroxyl group*. 

The present invention further relates to a process 
S for the production of a hyperbranched polyester, and hyper- 
branched polyester obtainable by the process characterized in 
that it comprises the following steps: 

a) reacting an aromatic polycarboxylic anhydride with 2 to 4 
carboxyl groups, preferably 3 carboxyl groups, with a polyol 

10 with 3 to 10 reactive hydroxyl groups, preferably of equival- 
ent reactivity, in the presance of an activating agent, the 
amount of anhydride being at least one mole of anhydride per 
hydroxyl group in the polyol, 

b) reacting the product from a) with glycidyl (meth) acrylate 
15 or allyl glycidyl ether in an amount at least corresponding 

to one mole of glycidyl {meth) acrylate or allyl glycidyl 
ether per free carboxylic acid group of the product of a). 
The process and the polyeBter obtainable by the process can 
further comprise the following step: 

20 c) the produce from step b) is further reacted with (meth) - 
acrylic anhydride in an amount sufficient to escerify a part 
or all of the free hydroxyl groups of the product from step 
b) . The products from step b) or c> can further be reacted 
with an aliphatic carboxylic anhydride in an amount to 

25 eaterify a part of or all of the remaining hydroxyl groups of 
the products. 

Two principally different methods have been devel- 
oped for the synthaflia of byperbranched polymers: a qonver- 
gant growth approach, where growth begins at the chain ends, 

30 and a divergent growth approach, where growth begins at a 
central core. In the present invention, the hyperbranched 
polyesters with terminal double bonds were synthesized by 
controlled stepwise divergent preparation, i.e., the syn- 
thesis started at the centre of the hyperbranched polyester. 

35 Two or three steps were needed to obtain hyperbranched 

polyesters with a predetermined number of terminal double 
bonds located at the surface of the oligomeric sphere. The 
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reaction scheme tor the synthesis of the hyperbranchwd 
polyester can be illustrated for a polyol with 4 hydroxyl 
groups as shown in Figure 1 (B is hydroxyl groups, and D is 
unsaturated groups) . New nomenclature developed by K. L. 
5 Wooley, J. M. J. Frechec and C. J. Hawker, Polymer vol. 35, 
No- 21 1 1994, names the starburst hyperbranehed molecule of 
Figure 1 a dendritic polymer. 

In che first reaction step an aromatic caxboxylic 
anhydride with 2 to 4 carboxyl groups, preferably 3 carboxyl 
10 groups, and a polyol with 3 to 10 hydrcxyl groups and an 

activating agent were heated to temperatures about or below 
100°C, preferably initially to 70 to eo°C and gradually 
increasing to about 100*C at the end of the reaction, in the 
presence of a solvent and under Inert gas atmosphere, prefer- 
15 ably nitrogen atmosphere. The aromatic carboxylic anhydride 
is most preferably 1, 2, 4-bensenetricarboxylic anhydride. 
Suitable polyols are ail polyols having 3 to 10 hydrcxyl 
groups and the hydroxyl groups are preferably of equivalent 
reactivity, which means that the esterif ication of each 
20 hydroxyl group will proceed equally easy to start the build- 
ing up of the regular molecule. Examples of such polyols are 
trimethylolpropane, pentaerythrinol or a diner thereof, mono- 
and dieaccharides, with pentaerythritol as a preferred embod- 
iment. The amount of added anhydride is at least one mole of 
25 anhydride per hydroxyl group of the polyol, but preferably 

the anhydride is added in an excess amount. An excess of 20 - 
50 raol % is suitable. An activating agent is used to activate 
the anhydride group. The activating agent is present .in a 
catalytic amount. As activating agent stannous chloride is a 
30 preferred embodiment. A suitable solvent is for example N,N- 
dimethylformamide (DMF5 . 

For a product mixture of 1, 2, 4-benzenetricarboxylic 
anhydride with pentaerythritol th* ia spectrum with residual 
1,2, 4-benzenetricarboxylic anhydride is ehown by curve l in 
35 Figure 2. Toluene was used to wash the reaction product to 
remove the excess of l, 2, 4-bensena tricarboxylic anhydride 
until no peaks at 17S0 and 1850 cm' 1 for anhydride groups 
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eould be observed, shown as curve 2 in Figure 2. The wide 
absorption bands at the range of 27S0 to 3400 cm" 1 in the IR 
epectrum indicate the terminal carboxyl groups on the benzene 
ring. For this product mixture each polyclseeer o£ the poly- 
5 carboxylic acid anhydride has two carboxyl end groups. Three 
isomer products could be obtained in this system, and the 
molecular structures are shown in figure 3- The produet is 
largely a mixture of mata and para isomers of the ester 
according to the relative reactivity of the anhydride and the 
10 carboxyl groups at low reaction temperature. A email amount 
of ortho isomer is expected to be a hydrolysis and rasteri- 
sation product of para and meca polyolester formed. The 
reaction of carboxyl and hydroxyl groups is favoured at 
elevated temperatures. 
15 The polyolester was further reacted with glycidyl 

(meth) aery late or allyl glycidyl ether in an amount at lease 
corresponding to one mole of glycidyl (meth) aery late or allyl 
glycidyl ether per free carboxylic acid group of the formed 
polyester, preferably in an excess amount, i.e. about 5 wt*. 
20 Glycidyl acrylata is the preferred reactant . The reaction ia 
carried out in a solvent, such as a mixture of DMF and 
toluene in the presences of a basic catalyst and an inhibitor 
for radical polymerization until no carboxyl groups could be 
detected by end-group titration. As basic catalysts common 
25 bases can be used, but benzyl dimethyl amine is preferred, 
conventional inhibitors such »s hydroquinona is used. The 
reaction temperature is below 10O«C. preferably about 70«»C. 
The IR ppectrum of the product is shown as curve 3 in Figure 
2. The appearance of the wide absorption at around 3460 cm" 1 
30 means the formation of hydroxyl groups on the molecular 

chains due to reaction of epoxy and carboxyl groups. Finally, 
residual solvent was removed by evacuation at low tempera- 
ture. The final 'starburst" hyperbranched polyester products 
with double bonds at the end groups are translucent viscous 
35 liquids with one hydroxyl group at each end group. The mol- 
ecular structure, when started with pentaerythritol. is 
ideally sphere-like, with about 6 end-double bonds. The 
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principal formula la ahown in Figure 4* 

The hydroxyl groups of tha hyperbranched polyester 
with terminal double bonds were reacted further by ester 
formation with (math) acrylic anhydride in an amount suffi- 
5 cient to esterify a part of or all of the free hydroxyl 

groups in order to prepare the hyperbranched polyester mol- 
ecules with further end-double bonds. Of the two acrylic 
anhydrides, tha mathacrylic anhydride is preferred. The 
hyperbranched polyester started from pentaerythritol with 
10 about 16 end* double bonds with the idealized formula is shown 
in Figure 5 . Ths IR spectrum of the hyperbranched polyester 
with about 16 double bonds is shown by curve 4 in Figure 2. 
Almost no peak for hydroxy 1 group could be observed. 

in a last step the product with end-double bonds is 
15 reacted with an aliphatic carboxylic anhydride, preferably 
acetic anhydride to eatarify a part of or all of tha remain- 
ing hydroxyl groups on tha molecular chains for decreasing 
molecular polarity of the hyperbranched polyester, and im- 
proving its compatibility with multifunctional comonomers . 
20 This eeterification can also be made of the hydroxyl groups 
of the hyperbranched polyester before the previous reaction 
with (meth) acrylic anhydride , thus omitting the further 
introduction of (math) acrylic double bonds. The final hyper- 
branched polyester products with terminal double bonds after 
25 modifying, prepared in the present invention are fairly 

transparent colourless viscous liquids. As shown in Figure 4 
and S the double bonds are in end groups, located at tha 
surface of the oligomeric sphere , which is highly favourable 
for UV cure . 

30 The polydispersity measured by gpc analysis (Figure 

ff) varied from 1,4 to 1,9 at different raaetant ratios and 
reaction temperatures with molecular weights of maximum 2500 
obtained, which corresponds to a modified polyester molecule 
with four main branches. The wide molecular weight distribu- 

35 tion is mainly attributed to incomplete reaction between 
1,2,4-benienetricaxboxylic anhydride and pentaerythritol, 
hyperbranched polyester fragmentation during hyperbranched 



07-NOU-2000 16:21 DENTSPLV De Trey *49 7531 583 103 S. 29/38 

WO96/0T6W 7CI7SBWW1013 

3 

polyester growth, and to the small excess of glycidyl 
(math) acrylace monomer which react further with by-product a 
in the system, responsive to UV irradiation. 

The hyperbranched polyester according to the inven- 
5 tion can be used as curable resins. The resins are preferably 
cured by UV or EB radiation and moat preferably by UV radi- 
ation. The resins have lower viscosity than known oligomer 
resins and can be used without a comonoraer or with lower 
amounts of comonoraer than for conventional oligomer resins. 

10 The UV curing of the resiin according to the invention is very 
rapid, down to parts of a second at room temperatur oper- 
ation. This means a high speed of cure and low energi con- 
sumption. The obtained products have a high glass transition 
temperature, resulting in products of high hardness, for 

IS example coatings or laminates with high surface hardness, 
The resins are solvent free and can be prepared 
from XOO % of the hyperbranched polyester according to the 
invention. The resins can however, also comprise multifunc- 
tional monomers, A suitable amount of ccwoncmer is 5 - 2 0 wt 

20 % and the rest 80 - 95 wt % being the hyberbranched 

polyester. The resins preferably comprise a phot of ragmen ting 
initiator. The amount of photofragmanting initiator used is 
in the range 1 - 5 wt % based on the resin. Conventional 
photof ragrmenting initiators can be uaed and a preferred 

25 initiator is benzoyl diraethylketol . As multifunctional mono- 
mers compounds with reactive double bonds can be used, such 
as trimethylolpropane tri{meth>acrylate, hexandiol diacryla- 
te, trimethylolpropane triallylether , p^ntaerythritol tri/te- 
tra-allylether , criallylcyanurate, trimethylolpropane tri- 

30 acrylether, pentaerythxitcl tetraacrylether , Trimethylolpro- 
pane triacrylace baing a preferred embodiment. 

The resin according to the invention can be used in 
many different fields of which could be mentioned coatings, 
adhesivee, laminates, foils and thin films and fibre-rein- 

35 forced composites. 

The invention will now be illustrated with 
the following examples which however, ara not intended to 
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restrict the invention. With parte and per cent are meant 
pares per weight and weight if nothing else is mentioned. 

Ihe following chemicals are ufl^ ; 
5 Pentaerythritol [PETL] 

1,2, 4 -Benzenecricarboxylic Anhydride [BTCA] 
Glycidyl Acrylate [OA] 
Methacrylic Anhydride [MAAJ 
Acetic Anhydride [AAJ 
10 StannouB Chloride [3C] 

Benzyldimethylamine [BDMAj 
Hydroquinone (HQ] 
Dimethyl Formamide tDMF) 
Trimethylolpropane Triacrylate (TMPTAJ 
15 Betizoyldimethylkecol (BDK) 

Example l 

92,2 g (0.48 mol) BTCA is dissolved in 100 ml DMF 
at 80*c. io.9 g (cob mol) PEXL and 0.1 g (0.1 wt%) SC are 
20 added, and the solution is kept at 80°C for 8 hours, and then 
heated to loo*c for 10 hours under N a , Most of DMF is 
distilled off in vacuum and toluene is poured into the prod- 
uct to dissolve che residual BTCA* The product is washed with 
toluene until no BTCA is detected in IR spectra (1760 and 
25 1850 enr 1 for anhydride groups). 57,3 g polyoleeter is 

obtained, as a white powder, with the yield of about 79 % 
after completely removing the solvents. The acid number of 
4 75 mg KOH/g pclyeater is determined by titration with 0.1 N 
XOH. 65.09 g (0.50a mol with a 5 * excess) GA is added ©lowly 
30 drop by drop at 70*c together with 5 g (2.5 *) BDMA as cata- 
lyst and 1000 ppm HQ ae inhibitor, dissolved in 70 ml DMF. 
After 7 hours at 70°C no carboxyl groups can be detected by 
titration. DMF is diatillad off in vacuum. The product is a 
viacoue liquid with maximum 8 acrylate and e hydroxyl groups 
35 per molecule. This product is called D-10H. 

12.4 g (0.121 mol) AA is added to 40.8 g D-10H in 
50 ml DMF which reacta with about 6 hydroxyl groups per 
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molecula (averaged about 2 OH groups par molecule remain) . 
The product solution 1b then heated for 2 hours at 7C*C and 
DMF is distilled off in vacuum. The obtained product, called 
D-li is a viscous liquid with about 8 acrylate groups and 2 
5 hydroxy! groups per molecule. 

Example 2 

40.8 g 0-10H ia dissolved in 50 ml DMF with 500 ppm 
HQ and 12.4 g (0.0B mol) MAA and 4.1 g (0.04 mol) AA are 
10 added slowly, drop by drop at 70*C for two hours to react 

with the hydroxy 1 groups. DMF is removed by vacuum distilla- 
tion. The product, called D-2, is a viscous liquid with about 
12 ( me th) acrylate groups and 2 hydroxyl groups per molecule. 

15 E&amglfl 3 

40.8 g D-10H is dissolved in SO ml DMF with S00 ppm 
HO as inhibitor. 24.8 g MAA (0.161 mol) is added and heated 
to 70"C. After 2 hours the reaction is complete- DMF is 
removed by vacuum distillation. The product, call«d D-3, is a 

20 viscous liquid with about 8 acrylate and 3 methacrylate 
groups per molecule. 

The dynamic viscosity for the products from 
Examples 1 to 3 was measured as a function of frequency for 
the hyperbranched polyesters with different numbers of double 

25 bonds, as shown in Figure 7. The hyperbranched polyester D-l- 
OK, according to Example 1. with about 8 double bonds and 
without acetic anhydride modification, has the highest vis- 
cosity due to the many hydroxyl groups in the syatam, resul- 
ting in intermolecular hydrogen bonding (hyperbranched 

30 polyester aggregation) . At decreasing hydroxy functionality, 
the dynamic viscosities of the hyperbranched polyester large- 
ly decrease in order of D-i, d-2 and D-3, according to 
Examples 1 to 3, at lower frequency. "DO has the lowest 
viscosity compared with p-i and D-2 because of the high 

3S number of double bonds (no remaining hydroxyl groups) at the 
surface of the spherical molecule. This results in increasing 
symmetry of the hyperbranched molecule, apart from less 
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influence from the hydrogen bending. 

Low viscosity is particularly important in control- 
ling the levelling time of a coating and for evaluation of 
the proceasability of a radiation curable coating and adhea- 
5 ive. Thia is especially the case for 100% solid coating 

systems far thin films. The oligomer ie the principal consti- 
tuent and primarily responsible for the basic properties of 
the coating. The viscosity of the oligomer is» therefore, an 
important parameter since it determines the amount of 
10 oligomer required in the final product. For control of the 
viscosity of the radiation curable reein there are only two 
parameters, namely the viscosity of the oligomer and the 
amount of ccmonomer added . 

The principal rheological difference between the 
IS branched and the linear polyester molecules lies in the 

smaller spatial gxcension of the branched molecule at a given 
molecular mass. The viscosity of the resin is related to the 
dynamic extension in space and the segment density within the 
volume of the molecule. Therefore, the sphere-like starburst 
20 (meth) acrylated polyester according to the invention has 
lower viacoaity than the linear polyester. 

Flow time measurements are another evaluation of 
the relative viscosity of various coatings and adhesives, 
using a viecosimetric cup. The viscosities of the hyperbran- 
25 ched { meth ) acrylated polyesters containing 15 wt% tri- 
methylolpropane triacrylate (TMPTA) , as cotnonomer and a 
conventional epoxy acrylate modified unsaturated polyester 
(MUP) containing 35 wt* TMPTA at 21 °C are compared in Figure 
8. It can be seen that the flow times through the viflcoeimet- 
3 0 rie cup for hyperbranched polyester resins are much shorter 
than for MUP resin. This means that the viscosity of MUF is 
much higher than that of hyperbranched polyester, A practical 
consequenca is that the proceasability of hyperbranched 
polyester containing resins ie improved due to lower viscos- 
35 ity. 

Example 4: 

3 parts of BDK were dissolved in 100 parts of a 
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mixture of 15 * by weight of TMFTA and 85 * by weight of D-l, 
0-2 or D-3, ths resultant resins were coated on a 
polyethylene terephtalate (PET) sheet. The test samples were 
cured in air on a conveyer belt with variable speed by UV 
S irradiation for 0.15 seconds under a 300 W/in (120 W/cm) 

Model F300 D bulb (Fusion OV Curing Systems) in the exposure 
chamber . 

Example 5; 

xo The procedure of Example 4 was repeated except that 

loo parts of D-l, D-2 or D-3 polyesters are used instead of 
the mixture of the polyesters and TMPTA. 

The irradiation time is varied by changing the 
speed of the conveyor belt. The polymerization rate of the 

15 hyperbranched polyester resins was determined by measuring 

the irradiation time required to obtain fully tack -free state 
for the cured film using a cotton bar. The data are given in 
Figure 9. The resin with oligomer D-3 needs the shortest 
curing time to get tack-free state. 

20 The glass transition temperatures of the croaslin- 

ked (meth)acryUted hyperbranehed polyesters D-l, d~2 and 0-3 
according to Example 5 from Dynamic Mechanical Thermal Analy- 
sis (DMTA) measurements are given in Figure 10. It can be 
seen that the glass transition temperature increases rapidly 

2S with increasing functionality of the cured hyperbranched 
oligomer. 

The physical properties of the cured material are 
related to the structure of the croselinked network- The 
glass transition temperature, T g , is a function of the flexi- 

30 bility of the polymeric chains. If the flexibility decreases, 
the transition temperature increases. Flexibility is a func- 
tion of chain structure, croselinked structure and crosslink 
density. For the hyperbranched polyesters the spherical shape 
of the molecules and the high crosslink density due to its 

35 high functionality decreases the flexibility of the cured 
films. Therefore, crosslinked hyperbranched polyester givs 
higher glass transition temperature than crosslinked linear 
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oligomers as an effect of the structural difference. 

The measurements mad* in the present 
invention were performed accordingly: 

tlpiqcMlflr w«lqfrt Pt^trib^tlgii 

5 Measurements of molecular weight distribution were 

performed on a WATERS 410 GPC system equipped with a WISP 712 
automated injector. The columns used were /i-Styragel of pore 
sized; 500, 10 s , 10 4 , 10 J , and 100 AngstrSm with polystyrene 
standards for calibration and tetrahydrofuran (THF) as sol- 
10 vent. 

Dynamic: Mechanical Spectroscopy 

The dynamic mechanical properties of the hyperbran- 
ched polyesters were measured by shear rheCttietry (Dynamic 
Analyser RDAII) . Viscous liquid samples were examined at 25°C 
15 using two parallel plates of 12.5 mm radius with 0.62 to 0.76 
f»m gap over a wide range of frequencies. 
BICW Time, 

Plow time of the resins with multifunctional mono- 
mer added was measured using a viscometrie cup of number 6B 
20 for comparison of the viscosity of the hyperbranched 
polyesters with that of modified linear unsaturated 
polyester. 
IR qpectrfl 

Infra-red spectra of the polyesters at different 
25 reaction seages were recorded on a Perkin-Elmer Model 1710 

Fourier Transform Spectrometer prepared as pressed KBr solid 
disk or smeared as an acetone solution of the reein on a NaCl 
prism to form a thin film. 
Thermomechanlc*! analysis 
30 Dynamic Mechanical Thermal Analyser (DHTA, Polymer 

Laboratories MK II) was used to measure glass transition 
temperature (T g ) at the range of 40 to 250*C and 1 Hz fre- 
quency of completely Uv cured films without TMPTA added. 
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1. Hyperbranched polyester of a polyol with 3 to 10 
reaetive hydroxyl groups i preferably of equivalent 
reactivity, and an aromatic polycarboxylic anhydride with 2 

5 to 4 carboxyl groups, preferably 3 carboxyl groups, 

each hydroxyl group of the polyol forming an ester 
linkage with one anhydride group of the polycarboxylic 
anhydride , 

and further glycidyl (math) acrylate or allyl 
10 glycidyl ather forming eater linkages with the remaining 
carboxyl groups of the anhydride and free hydroxyl groups. 

2. Hyperbranched polyester of a polyol with 3 to 10 
reactive hydroxyl groups, preferably of equivalent 
reactivity, and an aromatic polycarboxylic anhydride with 2 

15 to 4 carboxyl croups, preferably 3 carboxyl groups, 

each hydroxyl group of the polyol forming an eater 
linkage with one anhydride group of the polycarboxylic 
anhydride , 

and glycidyl (math) acrylate or allyl glycidyl ether 
20 forming ester linkages with the remaining carboxyl groups of 
the anhydride and free hydroxyl groups, 

and further <meth) acrylic anhydride and/or an 
aliphatic carboxylic anhydride forming ester linkages with 
the free hydroxyl groups. 
25 3. Hyperbranched polyester obtainable by a process 

comprising the following eteps: 

a) reacting an aromatic polycarboxylic anhydride with 2 to 4 
carboxyl groups, preferably 3 carboxyl groups, with a polyol 
with 3 to 10 reactive hydroxyl groups, preferably of 

30 equivalent reactivity, in the presence of an activating 
agent, the amount of anhydride baing at least one mole of 
anhydride per hydroxyl group in the polyol, 

b) reacting the product from a) with glycidyl (meth) acrylate 
or allyl glycidyl ether in an amount at least corresponding 

35 to one mole of glycidyl (meth) acrylate or allyl glycidyl 
ether per free carboxylic acid group of the product of a) . 

4. Hyperbranched polyester according to claim 3, 
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characterized in that activating agent is present in a 
catalytic amount. 

S. Hyperbranched polyester according to claim 3. 
characterized in that the activating agent is SnCl a . 
5 6. Hyperbranched polyester obtainable by a process 

comprising the steps a) and b) of claim 3 and the further 
step? 

c) the product from step b) is further reacted with 
(meth) acrylic anhydride in an amount sufficient to eeterify a 
10 part or all of the free hydroxyl groups of the product from 
step b) . 

7. Hyperbranched polyester obtainable by a process 
comprising che steps a) and b} of claim 3 or the steps a) . b) 
and c) from claim 6 and the further step that the product 

is from step b) or c) is further reacted with an aliphatic 

carbcxylic anhydrida in an amount to esterify a part of or 
all of the remaining hydroxyl groups of the products. 

8. Hyperbranched polyester according to claims 2, € 
and 7, characterized in that the (meth) acrylic anhydride and 

20 the aliphatic carboxylic anhydride forming ester linkages 
with the free hydroxyl groups is methacrylic anhydride and 
acetic anhydride. 

9. Hyperbranched polyester according to any of 
claims i to 8, characterized in that the polyol is 

25 pentaerythritol and the aromatic polycarboxylic anhydride is 
1, 2, 4-benxenetricarboxylic anhydride and the 
glycidylimeth)acrylate is glycidyl acrylate. 

10. Hyperbranched polyester according to any of 
claims l to 9, characterized in that the hyperbranched 

30 polyester is a dendritic polyester or a crosslinked dendritic 
polyester . 

11. A process for the production of a hyperbranched 
polyester, characterized in that it comprises the fallowing 
steps: 

35 a) reacting an aromatic polycarboxylic anhydride with 2 to 4 
carboxyl groups, prefarably 3 carboxyl groups, with a polyol 
with 3 to 10 reactive hydroxyl groups, preferably of 
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equivalent reactivity, In the presence of an activating 
agent, the amount of anhydride being at least one mole of 
anhydride per hydroxyl group in the polyol , 

b) reacting the produce from a) with glycidyl (irteth) aerylate 
5 or allyl glycidyl ether in an amount at least corresponding 

to one mole of glycidyl (roeth) aerylate or allyl glycidyl 
ether per free carboxylic acid group of the product of a) . 

12. A process according to claim 11, characterized 
in that the activating agent is present in a catalytic 

10 amount. 

13. A process according to claim 11. characterized 
in that the activating agent is 3nCl,. 

14. A process according to claim ll f characterized 
in that in step a) the reaction mixture is heated to a 

15 temperature below 100°C. 

15. A process according to claim 11, characterized 
in that the amount of anhydride in step a) and of aerylate in 
step b) are in excess of the stated amount. 

16. A process according to claim 11, characterized 
20 in that the reaction of step b) is made in the presence of a 

basic catalyst and an inhibitor for radical polymerization. 

17. A process according to claim 16, characterized 
in chat the basic catalyst is benzyldiraethyldiamine . 

18. A process according to claim 11, characterized 
2S in that it further comprises the following step: 

c) the product from step b) is further reacted with 

(meth) acrylic anhydride in an amount sufficient to esterify a 
part or all of the free hydroxyl groupa of the product from 
step b) . 

30 19. A process according to claim 18, characterized 

in that the anhydride is methacrylic anhydride. 

20. A process according to claims 11 or 18, 
characterized in that the product from step b) or c) is 
further reacted with an aliphatic carboxylic anhydride in an 

35 amounc to eaterify a part of or all of the remaining hydroxyl 
group* of the products, 

21, A process according to claim 20 , characterized 
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in that the aliphatic carboxylic anhydride Is acetic 
anhydride. 

22. A process according to any of claims 11 to 21, 
characterized in that the polyol is pentaerythritol and the 

5 aromatic polycarboxylic anhydride is 1,2, 4 -benzene - 

tricarboxylic anhydride and the glycidyl (raethj acrylate is 
glycidyl acrylate. 

23. A process according to any of claims 11 to 22, 
characterized in that the hyperbranched polyester ie a 

10 dendritic polyester or a crosslinked dendritic polyester. 

24. A curable resin characterized in that it 
comprises a hyperbranched polyester as defined in any of 
claims 1 to 10. 

25. A curable resin according to claim 24, 

IS characterized in that it further comprises a photofragraent ing 
initiator. 

36. A curable resin according to claim 24 or 25, 
characterized in that it comprises a multifunctional monomer. 

27. A curable resin according to Claim 26 
20 characterized in that the multifunctional monomer is 

trimethylolpropane triacrylate, 

28. A curable resin according to any of claims 24 
to 27, characterized in that it is curable with UV 
irradiation . 

25 29. Use of a curable resin according to any of 

claims 24 to 28 for the production of coatings, adhesives, 
laminates, foils and thin films and fibre-reinforced 
composites. 
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